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This thesis deals with the design and construction of a primary

waste treatment plant. The scope of work covered here, includes waste

sampling and charscterization, process design gathering, process

and mecl eneral discussion of the

In tha development of this work, it is assumed thet a decision

has been made to build the waste treatwent plant, using a kacws pro-
! s & J:

i)

cess.  Thervefore, econonic evaluat designed to determine return

on investment and gelection of a process, will not be discussed. The

impact the capitsl investment associated with the waste treatment

Lity has on the overall production costs of the basic product

faci

oriented facility, is discussed
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ON

INTRODUCTT

The type of treatment given to an industrial waste water, de-
el ¥

pends on various factors which include the nature of the waste wa

determined end use. For example, industrial waste wa-

.

ot

ischarged v

¢ e public watevways, must meet federal and state
quality criteria to preserve wild aguatic ] and to render the wa-
ter fit for smnicipal water consumption. On the other hand, waste

3

he process industries does not

require

In

primayy waste treatment methods, the waste water is
rally given both physical and chemical treatments. The physical
treatment of the waste water, is employed to vemove floating solids
or liquids (oils), suspended solids and sctileshle suspen solids.

usually achieved settling basin or pond.

The

treatment of the w

e water, wvsually follows the physical treat-

ment and it Jo used egsentiallyY to adjust effuent pl to precipitate

anic metal dons

)

The physical treaiment methods commonly used, include a) pre-

treatment ahead of sedimentation by screening, degritting and waste

water suriacce swoeping to remove floating solids and QLng b) clari-

fication to vemove settleable solids which dwpart turbidity to



wvaste waters, ¢) flocculation to agglomerate finely divided settle-
able solids, d) flotation by air to remove solids and material with
low settling velocities, e) gravity separators to remove insoluble
liguid contaminants, f) filtration to remove suspended impuvitiles
which generally do mot settle easily and g) absorption with activated
carbon mediuvm fo remove color, odor, turbidity and some organic con-
taminants measured in terms of BOD¥., The choice of the physical
treatment method employed, is determined purely by the chavacteris-—
tic of the waste and, to some extent, the cost of the tyeatment

meithod.

Chemical trecatwent methods on the other hand, are designed

=
N

mainly Lo re

ds

ids, Chemical treatment

wve undesivable dissolved sol
methods are increasingly becoming dmportant in treating all types
of waste waters., Tn primary treatment methods, neutralizeation with

an acid or alkali to precipitate the inorganic icns in the form of

inseluble salte or hydroxides, is the method most frequeuntly
uged. In some cases, the neutralization step is followed by addi-
tion of coagulating agents like polyelectrolytes (inorganic polymetrs)

to promeite agglomeration of colloidal particles and facdilitzate thelr

removal by filtration or scdimentation. Other chemical treatment

methods 1ike lon exchange mewbrane filtration, oxidation-reduction,

electrodialysis and reverse osmosis, are gelective to sowme extent

and expensive. These find applications in szcondary and terciary

*BOD ~ Biological oxygen demand. Tt is a measure of the degree of

crganic contamination.



treatment methods designed mainly to remove organic contaminants and

to recover certalin valuable contaminants in waste waters.

Waste Cﬂ} ection

Collection of waste waters for contral treatment facility, is
an important step in designing a treatment system. This is because,
an indiscriminate mizing of all waste sources could result in the
treatment of unnecessary lavge volumes of waste water which not only
increases the cost of the treatment facility but alsc reduces the ef-

feetiveness of removing the undesireble contaminants. Therefore, all

sources of the waste waters must be charact

rized and appropriate se-
evepation of the waste cavried out.
The waste con be segregated on several bases:
a) Cmntamiﬁatcd and uncontaminated,
b) Crganic and nonorganic

e

d) Strong and dilute.

.

and thus, an appropriate sewer system is designed to carry the waste

»

waters to one or more treatment facilities.

Quite often however, this segregation is a very difficult task
especislly in very old process plants where there are no drawings for
the sewer petwork and generally several sources join before going to
an outfall, In such cases, dye tracing and physical digging to iden-~

tify individual sources, seem to be the only solution.



The design of a sewer system to carry waste waters, is similax
to that of process plant except that the waste water is channelled
to a central settling basin or pond, and man holes and catch basins
are used more frequently for changes in direction and elevation
gspecially In gravity flow sewer systems. The condult materials
commonly used are FRP (fiberglass reinforced plastic) and vitrified
cl ‘ r because these are inert to most corresive agents especially in

the concentrations encountered in waste vailers,

In the design of the sower systems, a high safety factory

used to allew for accommedation of

taminated sources due to procese plant expansion or contaminated
storm waters excluded during initial desipgn but must now be included.

Usually reasonable savings ave achieved in the treatment facility by

ing surface aveas in the process plant which are
potential sourcas of contaminated storm waters. Thusvma erials
haﬁdling areas where potentizl spills can occur rctating equipment
bays where packings and glands ccﬁld leak and process arvess vhere
atmospheric discharges occur, are preferably curbed and chan ?eu

to a waste waler Treatment sewer.

Treatment Facility

The primary treatment facility, covsist of: a) the setiling
basins, b) the neutralizers, c¢) clarifiers, d) dewatering equipment

and e) effluent monitoring stations,



The settling basins (also called equalization basins) form a

very important step in the treatment of waste waters. On account

of their large storage capacities, they serve to smoothen hydraulic

and concentration surges oviginated by changing process conditious

like process upseis, incréssed production rates, equipment washings
ete, YThus by smoothing out the waste water suvrges,; a constant
volume and concentration is fed to the treatment facility and cone
trol problems, especlally those associated with pH arve reduced.

The settling basing are usually designed to hold waste waters

generated within a period of 24 to 48 hours, To allow for main-

. o . D . D . e g o PRI . e b e e o P | .
SRS AN HAGOPE TOvVd 18 He L Lang Dablinh are Ubudrd
tenance (mainly sludge removal), the settling basing are usually
built in palrs operated in pavallel. As a general rule, the
it 2 24 s

.

cseittling basin is rubber lined to prevent contawination of ground

._;
g

vaters.

arc open top stirred tanks, Tt ds here that

the acid or alkali (depeunding on whether the waste js alkali or

2

acidic) is added to precipitate the heavy inorgaunic metal ions a

r\,

their dinscoluble salts or hydroxides, The choilce of the neutraliz-

Lude

ng agent, depends on its cost, availabildty, ease of handling and

its effectiveness is precipitating the contaminant.

Acid waste waters ave commonly neutralized with 31mg because
it is economical. However, lime preseunts a lot of problems. Slak-
ing equipment is required to bring the lime into scolution, there-

fore indtial capital dnveztment is high., It also forms insoluble



salts with most strong acids and therefere large volumes of sludge
are produced which must be handled for disposal. On the cther hand,
cauvstic soda (sodium hydroxide) which has none cof. thesec problems, is
more expensive to used. However, it reacts a lot fasgter than linme
and therefore; lower retention fime can be used and the neutralizers
are therefore smaller in capacity. Both lime and ceustic soda, have
comparable effectiveness in vemoving heavy metal ions and therefore
the choice of one or the other, is based on economic evaluations,
handiing problems and availability. Other alkali agents used gome~

times to neutralize acidic waste waters, include soda ash (sodium

carbonate) and amme

ia, but they are not effective in precipitating

Alka

the heavy mao

i waste water, are usually neutr

with sulfuric acid.
In the design and operation of neutralizers, the major problem,

is pH control. The pH of 2 solution is a logarithwmic function of

e

hvd”ng 5 ion concentration and it increase

6]

in dncrements of 10.
Thercfore in the vicinity of the ncutralization point, the pl con-
trol is difficult. AL least twe neutralizers in series arc used,
with 2 rough pH control in the filrst gnd final pl adjustiment in the
scecond. Very commonly, three neutralizers are used in series with
the middle one serving mainly to ensure complete reaction of the
neutralizing agent added in the first before the third neutralize
is reached for final adjustment. This arrangement prevents pH

overshooting.
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The clarifiers serve to remove thbe precipitated metal lons in

the neutralizers, In gencral, the sclution leaving the neutralizers
for the clarifiers, is colloidal and the settling velocity of the
suspended solids, ig low. Various chemical flocculsting agents are
added o promote particle coagulation and agglomentation and thus
increasc the %L”“lTh% velocity of the particles. Common flocculat-
ing agents wused include salts of divon and alumiour and many organic

S+

polymers like polyamides.

Clarificre ave designed on the basis of surface loading rate

exprossed as gallons per day per fool of hovizental aresn.

The va]ueé of the surface loading rates range from a low of 400
gallens per day per sguarve foot for untveated waste walers to a

bigh of 1200 gellons per day per square foot for well flocculated
waste water. In primary waste treatment design, the surface loading
rate s usually between 600 and %00 gallons per day per square foot.
Many states regulate the surface loading rate since the clarity of
the effluent crally descreases with increasing surface loading

¢ .

ign pevameter of the clarifier, is

rates. Another dmportant desi
retention time, Particle flocculation cccure dus to eddying motion
of fluid which promotes particle cellision and coalescence., The

.

rate of collision and coalescence, is a function of particle con-
centration and the ability,of the particles to cealesce on colli-
sion. The number of collisions and coealescences, increases with
time hence retention time in clavifiers is also an important de-

sign consideration. The retention time ds usually determined by



the depth of the clarifier once the surface area has been determincd
from the surface loading. Common depths and retention times used in

primary waste water treatments avres

Surface loadiug Retention time, hr.
gal/day/sq. ft.

Depth ft.

. 6 7 8 10

O

600 1.8 2.0 2.2 2.8 3.0

00 1.

w

1.6 1.8 2.1 2.2

900 1.4

o

L. D 1.6 1.9 2.0

Table 1 -~ Clavifier Design Paramcters

The above depths, ave those requived for quiescent settling and in
cases where the clarvifier fs requived to bave sludge storage cepa-

city, additional allowance in depth must be included.

Dewateying eg

nts are required to reduce the volume of the

sludge preoduced in the clevifiers and thus reduce sludge disposal
cost. Vacuum filters and centrifuges are the most common dewatering
equipments used in primary waste water treaiment facilities. Mized
bed filters are sometimes used but because of the additional problems
with handling the backwash water solids, they find limited applica-

tion.

A vacuunm filter system, consists of a drum mounted in a trough,
the drum drive mechanism, vacuum pump and vacuum receivers, water

wash pump and a precoat solution tank and pump. The various filter
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aids used, are for prolonging the filtering cycle. In general,
sludpge produced in a primary treatment facility, is collodidal and
in effect, it plugs the porcs of the filter screen. A filtering aid
like g precoat is applied on the filter screen and as the screcen ro-
tates a knife scrapes off the cake and a tiny layer of precoat.
Fvery & to 6 hours, this layer of preccat has to be reapplicd on the

screen,

P e

4 centrifuge on the other hand, is a high velocity equipment

g

which effects solid scparation by a centrifugal force. In the solid

bowl type of centrifuge vwhich is the type wmost commonly used, the

«

sludge is fed inte the rotating bowl at constant feed rate and the

s
C}J

solids scitle through the liguid to the wall of the bowl where it is
L2 1.

compacied by the centvifugal force and iz discharged through an in-

ternal s

CTEW COnvevor. is discharged by displacement

through the

In the design of vacuum filters and centrifuges, the most im-
portant parameters arve the solid content of the sludge to be de-
watered (optimum contents is 6 to 10%), the sludgé consistency and
the type of sludge. Varving these parvameters,varics the performances
of the dewatering eguipment. With centrifuges, the capacily, mois—
ture content of the cake and the clarity of the centrate, can be
varied by varying the speed of the bowl, feed rate and retention
time in the bowl. With vacuum filters, the same parameters can be

varled by varying the percentage submergence of the drum and the
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speed of the drum.

The cholce between a vacuum filter and a centrifuge is based

on, a) instalied and operating cost, b) desired moisture content of
cake, ¢} clarity of filtrate/centrate, d) space requirements. In

general, vacuum filters produce wetter cakes and clearey filtrates

than centrifuges but they require more installation space and are

rore expensive te operate. On the bases of dnstzlled cost, the
centrifuge is slightly move expensive. The final choice however,

highly dnfluenced by sample test runs in the vendor's shop.

@{j ’:’Ixi—

The clarified overflow from the primsyy waste treatwent, musi

now e monitored

meets the rvegulatory agency ro-
quirements before it is discharged inte the puhiia waterwvay. Two
main parameters are continuously determined before the effluent is
diecharged. These are pH and total suspended scolids. Sometimes,

the temperature of the efiluent is also determined depending on the
temperature of the influent. At predetermined intervals, a complete
analysis of effluent sample gathered by a continvous sampler (sample
taken is proportional to effluent flow) is made as a contreol. Thes

deterwinations, are mandatory and records must be kept for inspec—

tion by the regulatory agency.

Depending on the end use of the stream receiving the effluent,

various criteria are set for the pll level, suspended solids, tem—
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perature and level of certain heavy inorganic ions which are toxic
to aquatic life. For effluents dlscharged into stresms used for
public water supply and food processing, the effluent must meet
the following:

a) Bacteria: Coliform group not to exceed 5,000 per 100 ml as a
monthly average nor exceed this number by more thon 207 of
the sawmples examined during any month., Nor exceed 20,000 per
100 ml in more than 57 of such samples.

1Y Threshold odor numb

Not to exceed 24 {(ai 60°C) as a daily
averape,

¢) Disscolved solids: Tot to excead 500 wg/l a2s a monthly average
nor exceed 750 mg/l at any time.

d) Radiocaciive substance: OGrees beta activity not to exceed
1,000 picocuries/1 nov 10 picocuries/l for dissolve strontium
~90 nor 3 picocurics for dissclved alpha emiters.

e) Heavy metals: Arsenic less than .05 mg/l, barium less than

| 1,0 wmg/t, cadwium less than .01 mg/l, chromium (hexa) less
than .05 mg/l, cyamide less than 025 mg/l, fluoride less
than 1.0 mg/l, lead less than .05 mg/l, selenium less than
.01 mg/1, silver less than .05 mg/l.
For industrial water supply, the dissolved golids level is slightly
higher but the temperature is 959F, pH is between 5 and 9 and dis-

solved oxvgen 1s greater than 2 mg/l.

The design of a primarvy waste treatment system must therefore

focus on the end goal and the treatment svstem developed must pro-
& ¥ T



duce an effluent that mects this goal.



CHAPTER 2

WASTE CHARACTERIZATION AND DESIGH DATA CATRERING

In order to implement a pollution sbatemeni program, be it in

plant abatement ox phbysical-chemical treatment, it is necessary to

define the problem before setting up a plan of attack. Most indust-

:

rial waste waters, are not clean cnough for direct discharge into

public waterways and mcans must be found to clean them.

s 3

The pellution problem, is gererally recognized either by man-
agement or by a regulatory agency and the. first and foremost step,
is to define the waste water as completely as possible with respect
to the degree of contaminstion, type and concentration of contami~
nats. This involves drswing the site and the sower plan of the

process facility to indentify all buildings, procesces and sewar

w

inletes and ewxists and points to sample and measure flows. In
addition, the production methods in the plant, have to be evsluated
to determine the effect of changing production rates and methods

on the quality and quantity of waste waters generated. This plan
prepares the grounds for gathering the necessary information for
implementing an abatement scheme. The approach that follows, is
oriented towards collection of data to provide a primary treatment

facility since it has been assumed at the beginning of this thesis

that management has decided to provide this treatment facility.



Sample Collection

Sample collection, ds the logical step after defining the
water pollution problem and setting up a plen to a%tack the problem.
Sample collection and apalysis is aimed at collecting the data
necessary Lo characterize the various waste styeaws and to determine
whether the characteristic of the waste can be altered and if the
volume ¢f the waste can be reduced by alteration of the process

manufacturing mothods.

A sample can be collected either by greb or composite sampling
method, A grab sample is a singlie gample of the waste water sitream

o S

where as a2 composite sample is one made from a series of sanmples
collected over a period of time and then blended. Grab samples

are useful in determining the effcct of dntermittent dumps but

they do not provide reliable data on which to base the design of

a trestment facility since they do not account for variations in
waste flows and concentrations. On the other hand, composite
samples, represent avaerage conditions which typify what a treétment

facility will handle.

Composite sampling is usually done by use of measuring devices
which proportion the sample size to the flow rate. Manual composite
sampling cau also be done but it is expensive in that it requires a
lot of manpower to do it. One itype of automatic composite sampling
system, consists of a flowv sensor, a transmitter, a flow fecording

and sample proportioning controller, a continuvous flow sample

=



receiver and the sample bottle. See figure 1 below.

o sample N e FR &
vwmniei receiver ! gsampling
& g controller
. I T
“Jr cont. FE
Isampler " Ay
< ¢ HrFiow Sensor

Figure 1. automatic composite sawpling system

Other types of automatic composite sawmpling devices are pro-
gramed to collect samples at intermittent time bases. There are a
few pyroblems with avtomatic composite sampling systems. These
include, 1) power source to drive the pump since outfalls are
usually remote from the process plant area, 2) line plugging due
to suspended solids, 3) dinability to collect a truely representa-

tive sample especially when the stream is stratified or suspended

i
T

solid content is high, 4) ingbility to indicate extreme conditions.
The solution to the thivd problem iz to locate the sampler in areas

where there is sufficient turbuvlence, expecially down stream of

weirs ov parshall fumes.

The samples collected, are taken to the laboratory for anaylsis

the average of about once or twice a shift depending on the avail-

able monpowey and the changing nature of the waste. Sometimes, auto-

3

matic composite sample collecting analysers are installed on stream
which can simultanecously analyse multiple variables or one variable
at a time, but these ave generally too expensive to justify the

savings in labor unless in a very complex process plant where the



need to monitor several points automatically is lmportant.

Other important consideratijons in setting up a sampling
1S & L Iy =
program, include the determination of the size of sample to be
collected, types of analysis to be performed and proper samnle
handling and preservation. The size of the sample collected
= S 2
depends on the number of laboratory tests to be performed.
The analysis of the sawmple is generally specific and varies from

one fype of waste to another.

inonts and to cstablish effective treatment methods

0

for reducing these contaminants. The regulatory agency, usually

provides guldelines on the contaminante to be determined on the

bases of the products of the process plant. However, it is highly
récommended that a complete analysis be run at least in the initial
stage to determine all constituent pollutants in the waste, because
of ground infiltrations and leaching from sources external to the

process plant boundry. A typical inital analyeis will include the

following parameters listed in Tahle
1]

N2
»
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These parameters, arve the most common industrial waste pollutants
and the regulatory agency usually compiles its list from them, elim-
inating porticular parameters which are not likely to be present in
a given process waste. In special processcs like nuclear plants,
other parameters not listed above may be added to the list e.g.

radioactive materials.

e

Specific tests and analytical metheds to determine these

parameters, are covered in standard and anmalytical textbooks. Such

literature sources include:

1. Standard Methods for the Examination of Water and Waste Water,
13th Bdition, American Public Health Asscc. 1971.
2. Methods for Chemical Analysies of Water Wastes, E.P.A. 16020-

07/71, 1971.

3. AS & M Staudards, Industrial Water: Atmospheric Analysis Par

ey

23, October 18967,
4. Vandbook for Analytical Quality Control in Water and Waste

Water Laboratories, U.S. E.P.A. June 1972.

As o guideline for engineers who are designing a priwmary
waste water treatment facility for the first time, a typical example
on how to design laborsitory tests for scale up, will be discussed.
For this purpose, let us take a simple waste water from a sulfuric
acid plant which has been sampled and analysed for all problem

parameters and found to contain dissolved and suspended solids,

g



turbidity, pH, total and dissolved irom in concentrations which exceed

E.P.A. limits. A test program must now be set up to determine the
treatability of this waste to meet E.P.A. limits. Table 3 below,

shows influent characteristic and E.P.A. limits.

Influent

AE”P“@ﬁﬁw

suspended solids 10 mg/1 (10 ppm)

dissolved solids 6000 wmg/1 5000 mg/1
turbidity . 21 JT0 1.5 37U

3zl 2.1 units ) § units

total iron | 38.4 mp/l 2.5 mg/l

sciuble iron 32 mg/1 | 1.7 mg/l

other heavy metal dons | less thanMggggfii Jess thaw 2 mg/l

Table 3. Problem Parameters and E.T.A. Limits

In oxder to conduct the laboratory test, a flow measuring

device and automatlc composite sampler, were installed in the
- ¥ s

combined outfalls discharging inte the public waterways. A vectan~

gular welr with standard end contractlons was installed to measure
the flow and an automatic composite sampler, the type described
earlier, was installed to sample the stryeam. For the first day

of normal production, the height of water over the weilr was
measvred at intervals of one hour, for eight hours, using a ruler.

The flow was caculated using the Francis Flow formulas for weirs.



length of weir crest

HH

Q (gpm} = 1495 LH3/2 where T

H = head of water on weir

¥

The average of the flowe calculated for the eight beads of

water on wely was used as the flow rate for that day. The measure-
ments were made only during the day shift for two main reasons.

One was the fact that waste water flov during normal production

was fsirly constant, the scecond reason was personnel safety since

the messurement point was remote from the production area and it was
considered unsale for night readings. For the three feet welr crest
used, a typical head waz 0.5 feet.

G (gpm) = 1495 x 3 x 0.5 3/2

= 4485 % 0,35

The calculated flows for a typical shift (gpm) were 1560, 1550,
1545, 1540, 1570, 1560, 1525, 1540, Tihe average flow calculated

to be 1550 gellons per mipute.

Two thirty gallons composite samples were collected and sent to
recommended cquipment vendors to perfomm tests to establish reten-
tion time din the neutralizing tanks and the emount of neutrallzing
agent required, type of clarification and dewatering equipnent best
suited for the waste. In the meantime, tests were conducted in the
plant laboratory to obtain similar data for cest estimates and

economnic evaluations.

-2 3
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‘Laboratory Tests

Determination of neutralizing agent required, retention time,

overflow rate and sludge production rate.

.

Thirty gallons of a composite sample was neutralized in a 40
gallons PVC tank with agitation, using 50% caustic solution. The
pH was measured by a pH electrode. The neutralization pll was varied
between 7 and 11, uvsing retention times varying from 10 to 30 minutes.
titling tests were conducted on the neuviralized waste. The same
-est was conducted, using 107 lime solution. The results obtained
using caustic will be used to illustrate the calculation of the

dfiSlﬁf;il parameters.

The data for table 4 (sample neutralizaotion and settling
test resuli) is genevated as follows. The 30 gallons sample is
neutralized to a pH of 7 and the awount of 507 caustic sclution
conéuﬁe ig recorded. Agitation continves for a total of 10
minutes. Two samples are withdrawn for the determination of suspend-
ed solids and for settling rate test. About one liter of sample is
required for suspended solids determination. This sample is
filtered using regulay laboratory filter paper. The coke is wached
and dried to a constant welght in an oven at 110°c. The difference
in weight hetween the empty filter paper and the filter paper with

cake, 1s the weight of dry suspended solids.

A
mg/1l suspended solids = B x 1000
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Where A = mg suspended solid
B = ml sample

About 15 gallons of the nevtralized sample is required for settling
test. A settling PVC tube, 10 feet dn bheight (10 fect choosen to
approximate normal depth of clarifiers) is used with sample ports
spaced every two feet. Diameter of tube is 6", see the sektch,
(Figure 3), At time intevvals of 10, 20; 30, 40, 50; 60, 70, 80,
90 and 100 w;nvtcsﬂ samples ave withdrawn from these ports and

r1alvecd for suspended gsolids. The amount of suspended scolids,
is entered din Table 4. The curve ghown in Figure 2 is then drawn.
Figure 2 is obtained Dy plotting the suspended solids, mg/l against
time and height (hy through hg). ALl the points corresponding to
the same awmounts of suspended solids in the sample, are joined with
a curve. The slope of the curve, gives the settling velocity, feet

per minute.

Table 4 and Figure 2, are repeated for the various retention
times and pH (7.5, 8, 8.5, 9, 9.5, 10, 10.5 and 11). The conditions
which produce the curve with suspended solids at the level acceptable
to the regulatory agency, establisbes the conditions for the design
of the treatment facility and the neutralizer, clarifier and dewater—
ing cquipwents can be roughly sized to generate a cost estimate,

More precise data, for final design, will be generated by the equip-

ment vendors.

Approximate equipment sizes can be calculated from the labora-



tory data. Using results obtained at a pH of 9, we will illustrate

the calculation.

- .
s

a)¥eutralizing agent requiryene

Let Y be the cc of 507 caustic solution rvequired to bring the
pH of 30 gallon waste from 2.1 to 9

50% HaOH

b
f

500 ga/l

Therefore gm NaOH used = Yceo x 500 gm = V/2 gm

1000 cc/1 1
Total volume of waste to be handled per day, is

w 1440 min = 2.24 x 106 galoons per day
day

Therelore daily consumption of caustic =

2.26 % 100 gal x 1 x Y gm
day 30 gal 2

= . 0376Y » 100 gm/aay

i

8 2Y 1b/day
b)Retention time:

In Figure 2, the test at pll 9 and retention time of 15 minuvtes,
geve a curve for 10 mg/l in the sample. This indicates a retention
time of 15 minutes, however, to play safe, use 20 minutes (note:

Figure 2 shown is for pll 7).

To obtain this parameter, a tangent is drawn at the polint of

10 mg/1l on the cuyve. The slope is the settling velocity, foot per

-28-



minute. Overflow rate equals slope (ft/min.) x 7.48 gal/ft3,
However, it is usual to express overflow rate (surface loading) in

gallons per day per square foot. Therefore surface loading

= glope fi/min x 7.48° ﬁﬁég ® 1440 min.
£t day

d)Sludge volume:

The natant liquid in the PVC test tube is siphoned and the
bottom transfered to a graduated cylinder. Let Zce be the volume
of sludge.

Volume of PVC test tube = ((1.5)2 ﬁ. 785 % 10
= 1,97 fr3
= 14.7 gallons

Therefore gallons per day sludge

8

= Zec x 1 22,26 x5 100 gal/day
3,700 cc/fpgal 14.7 gal

= 417 gallons per day

Items a through d with the cutsblished waste flow, provide a
falrly gocd basis for initial process design and a cost estimate

for cconomic analysis.

There are wmany variations in the lsboratory test methods used
to establish scttling velocities and overflow rates of the clari-
fiers in addition to the one described. One of these, is interface
measurement in a long transparent tube like a laboratory graduated
cylinder. 1In this method, the interface height is measured with

time until the height is fairly constant. The difference between

T



initial and final interface heights divided by total time in minutes
give the settling rate in cc/minute, which can then be converted

into surface loading in gallons per dav per square foot.

A final remark is the design of lsboratory test to incorporate
projected waste characteristics some ten to fifteen vears later.
This is often necessary becausc of process plant expansion. This
is basically done by producing synthetic wastes coﬁposed of the
mixzture of the present waste sample and various proportions of
added polluting components. The proportion added is determined by
a projection of what the waste would be when production rates go up
or new products are»manufacturcds Tbis.synthctic waste 1s then
analysed as described previously. The results will give ap in-
dication of Low much flexibility should be built into the proposed
waste treatment facility to ensure its capacity to handle the

wastes produced ten to fifteen years later.

~ 30~



CHAPTFER 3

EVALUATION OF DATA AGATNST EPA REQUIREMENTS

The idea behind the laboratory tests discussed earlier, is to
demonstrate the treatability of the industrial waste waters generated
in the process plant. The analytical results must row be put in a
report form to be presented to the management and subsequently to
the regulstory agency. As has become the practice since the late
sixties, most medium and large size companies, have their environ-
mental protection divisions which coovdinate the pellution abate~
ment efforts of their company with the regulatory agency. The need
for this secparate division has progregsively become important as the
federal and state envirommental protection requirements have grown

styricter each time.

The management reviews the analytical results to deterwmine
1), whether the waste watcrs can be treated to provide effluent
that‘mccts the regulatory agency criteris for discharge and 2),
the economic impact of the pew treatment faciliiy on the overall
operating cost of the process plant, Therefore, while demonstra~
ting that the waste waters can be treated to produce an cffluent
acceptable to the regulatory agency, the associated cost of the
treatment facility must be such that the process plant to be sup~
ported can still operate profitably. The section under Cost

Estimate (Chapter 4) will contain the parameters for economic

analysis and here, it is pointed out only as one of the important



-3

facters which influence the decision to provide the treatment

facility.

The regulatory agency on the other band, reviews the report to
determine if 1t mects the established criteria and whether the
analytical test methods are valid with respect to standard analytical
methods. Tn addition to the analyvtical test methods and results, a
brief description of the proposed abatement scheme and dates to
conplete thé ;éhemeﬁ must also be provided. This will give the

regulatory agency an overall picture of the abatement program.

4 typical report to the regulatory égcncy mist therefore coun-
tain ss a winimum the following:

a) A brief description of the sample collection method,

b) A short deseription of the analytical method.

c) A table shewing the influent chavacteristics, possible level
of reduction and the corresponding regulatory agency sct
criteria.

d) A summary of the proposed abatement scheme.

d) The schedule for completion of the abatement scheme.

In gencral, test results which indicate the abatement scheme

by the regulatory agenc requires a minimum of effort from the

o J g
manufacturer to make the results acceptable to the regulatory
agency. In this case, it will be relatively easy te obtain a dis-

charge permit from the regulatory agency. On the other hand, if
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the test results indicate the effluent cannot meet the quality
established by the regulatory agency, real bargaining at much bigher
levels will be required, because it involves major economic deci~
sions which may lead to process plant shutdown and loss of jobs and

revenuos .,

Yarameters Which Deviate From IPA Criteria

Quite often, Jsboratory tests do nof produce conclusive evi~
dence that a proposed abatement scheme will produce an efflucnt
vhich.consistently meets the criteria set forth by the regulatory
agency. This failure to mect set requirements, may be due to iM¢.
propor sampling and test methods or may be a result of a2 veal pro-
blem with treateability of the waste and in which case a;different

kind of solutien to the problem is required.

'he general appreach to this kind of problem, is a re-examina-
tion of all test methods to eliminate the probable ervors due to
improper test procedures and where necessary, to hire the services
of a good consultant., The usual practice in the induatry and for
good reasons too, is te employ the services of an outside comsultant.
This is more practical and reliable because waste charocterization
is a tedious task which requires professional talents in addition

to a crew of technical aids., This creates a burden on the operating
process staff since the pollution abatement crew must contain pro-~
fessionals who are familiar with the process plant and must there-

fore come from the plant staff., Secondly, waste characterization
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ig a fairly new field and sglthough the technology for this purposc
does exist, the parameters to be determined are so variable that
the expertise needed for a quantitative and qualitaiive analysis of
the waste can scometimes be provided only be an outside specialized

group.

The need to establish that test resulis tyuly represent the
characteristic nature of the waste and what to be expected of 4t in
g treatment facliity, cannot be over emphasized. This is because
effluent discharge permlts are written around very tight limits and
violv tion of these liwmits carry penslties of fine, imprisopment and
law suits depending on the frequency ol vielation and the nature of
the violation. Therefore where lsboratory fests {fail to cstablish
a suscesful abatement schems, the regulatery agency should be kept

informed to allow time for another appreach to the probleom.

The only other alternate is in-plant abatement. An iv-plant
abatement program is a lot more complex than an end of‘pipe treatment
but at the same time, 1t hes the potential for savings by the dw-
provement of equipment operating efficiencies and by product res
coverics. An dn-plant abatement scheme, should generally be con-
sldered because in addition to the above advantages, a successful
in-plant abatement program will usually reduce the waste volume and
concentyation of pollutants to be treated in an end of pipe treat-

ment facility, thus treatwment cests are reduced,

An in~plant abatement scheme, is abatement at the source and



although it has long beep practical in the industry, it was used only
as a means to improve the return on investment by»tbe recovery of by
products and more efficient operation of process equipments; but to-
day, it is becoming important in all abatement programs in anticipa~
tion of the Federal Water Tollution Control Act Amendments of 1972
which among other requirements, aims at zero discharge by the yoor
1985, A source abatement program, involves a study of an individual
process operation aimed at material and heat balances (feeds, pro-

ducts, losses and

monitoring the waste WG and concentrations of pole

lutants and modification of equipments and oy operating methods to

e

reduce and or eliminate wzste volumes and level of contaminations.

To this must be added a review of the entire plaut material handlin

procedures to winimize spills. These are general guidelines and
specific steps taken in each case will depend on the particular pro-

cess units dinvolved,

The cost savings of a source abatement program can be quanti=
fied on the bagis of comparism between the cost of a proposed waste
treatment facility expressed in dellars per gallon (and dellars per
pound of & major pollutant in the waste) and the cost of source
abatement changes and savings in waste volume and contaminant level
reductions. TFor example, suppose a proposed primary waste treat-—

. . 6
ment facility to treat 1550 gallons per minute of waste (2.23 x 10

gallons per day) containing 45 mg/liter suspended solids (103.5

pound dry solids) requires a capital investment of $5.4 million
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(excluding taxes, interest rate, deprecciation, operating cost and
maintenance). On a daily basis, this is equivalent to $2.36/gallon/
day (or $50,000/pound dry solids). The capital cost of a source
abatement program can now be compéred on the bases of the reduction

in flow and volume of sludge to be handled.

Treatment Cost and Marginal Processes

Decislions to provide waste treatment facilities are economic
and should be treated as such. Availlable tecchnology today for
cleaning polluted waters have been oviented mainly to produce an
effluont which meets the regulatory agency standard with little
consideraticn for ways of earning a return on investment. Resides
source gbatement methods which have been demonstrated to generate
savings and improve profit margin of the process plant, consclentious
effort should be made to reuse the effluvent in the process plant.

This becowmes more important for marginal processes where every

pemny saved justifies the continued existence of the plant.

In liquid handlivg process plants, inﬁestments on utilities,
range from 10 to 207 of the capital dvvestments. Theseinclude water
distribution system, cooling towers, boilers, water conditioning
facilities and sometime, power genevation systems. Raw water costs
about $.03 per thousand gallons and treated water for various other
uses in the plant, could run up to $.2 per thousand gallons for

boiler {eed water. By an in-plant water conservation methods, losses

in blow down, venting, leaks and dumping can be reduced. This re-
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duction combincd with the reuse of treated effluent in selected non-
critical process applieation would greatly reduce the water changes
for a typical process plant and thus improve the profit margin of

the whole operation.

'he penalty for not taking these measures, will be a shutdown
of a marginal manufacturing facility with losses in jobs, tax
revenues for governments (local, state and federal) and loss of the
market for the discontinued products. The image of the manufacturer
could also be tarnished unless proper steps are token to replace the

discontinued products from other manufacturing facility.



CHAPTER 4

"COST LSTIMATE

The studies and tests discusscd in chapter 2 which dealt with

"Waste Characterization and Design Data Gathering' provide sufficient

information to develop a process flow sheel, waste segregation and
collection, thus providing the elements for generating a cost es~
timate for buﬁget planning and economic evaluation. This cost esti-
mate however, 1s preliminary and reguires refinement when equipment

vendors pervform sample tests on the waste to sclect the equipment.

The cest estimate can be based on telephore inquires from
equipment vendors, published cost indices from literature sources
or by applying the 6/10th rule to a similar treatment fecility of a
diffevent eive which has been built. For identinsl treatment facili-
ties where size difference is less than 10 fold, the 6/10 zule
applied to the main components of the vacility, provides a fairly
good estimate provided cost escalation factors are accounted for inp
the calculations. For the quality of estimate desired at this
stage of process development, the estimate generated by telephone
inguiring, should be compared with that obtained by applying the
6/10th rule to the major componcnts of the treatment facility with

addition of escalation factors.

As an evample, consider the waste characterized in Chapter 2,

is to be treated and we therefore have to estimate the cost of

~38



providing the treatment facility. Let us suppose further that we
have the cost of a similar facility installed two years ago to treat
1.44 =% 106 gallons per day (1000 gpm); In applying the 6/10th
factor to the major components, let the suffix 1 represent a component
in the previous job and suffix 2 that desired for the new job. The
new job like the old one, requires two equalizatioﬁ basing, three
neutralizers, two clarifers and two vacuum f£ilters and the sizes of
these established on the basis of the study and tests in Chapter Z.
The volume of waste is 2.23 x 106 gallons per day (1550 gpm).

Cost Calculation

1. Cost of equipment purchased

Cy = €1 (¥2)-°
V1

i

400 x 103 (1550) -6
1600

[

= 4 % 100 x (1.8%).0

Aox 106 x 1.274

#

$510,000

@]
]
i

2. Eguipment installation

3. Instruments and controls

i

€y = 120,000 x 1.274

Cy = $165,000

4. Piping including sewers and equalization basins

Cp = 1.2 x 10% x 1.274
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C, = $1.55 x 106
5. Electrical .
C, = 125,000 x 1.274
C, = $160,000
6. DBuilding and accoss§ries

= 230,000 x 1.274

@)
N
i

Cy = $292,000

7. Site improvement

Cy = 75,000 x 1.274
C, = §95,000

8. Utdilities and wiscellaneocus
Co = 180,000 x 1.274
Cy = $230,000

8. Total capital cost

Mew Plant 01d Plant
$ x 1000 $ x 1000

510 | 400
140 - 110
165 | 130
1550 . 1200
160 125
282 230
95 75
230 180

Total  $3.142 x 10° $2.450 x 106




10. Total cost of old job, capital and expense was $(2.450 x
10% pius .990 x 105 = $3.440 x 106,

Therefore total cost of new job, capital and expense is

2.45 % 106 = 3.142 % 106 Thercfore X = $4.45 x 10°
3.44 x 10° X

Where X = total capital and ewpense cost of the new job.

11, The cost escalation factor from technicsal magazine sources,

is  10%Z. Therefore total cost of the new facility, capital

and expense is:

445 % 106
$4.45 x 106
54,865

L5 x

Where time peymits, this final total cost ¢hould be confirmed

with telephone inquiring from vendors and contractors.
s <

Impact On Operating Cost of Procesg Plant

The total capital and expense cost of the new vacility cstab-

lished abqve, is used as the primary input for economic analysis
designed to establish the profit margin of the existing process
plant which this new facility will support. The details of this
analysis are too complex to be covered here but it is useful to
add that the factors considered in such analysis include the
following:

a) Cost of the borrowed capital for the new plant

b) Insurance

¢) Taxes

d} Depreciation

=41~



e) Maintenance and operating cost

£} The cost of continued process plant operation

g) Unit price of manufactured product

h) Market research to determine the probability of selling the.

manufactured product at the new higher cost.

Cost Estimate Packe

The cost estimate package is a document which briefly describes
the facility being provided and the associated cost for providing
it. The degree of accuracy of this document, is very important be-
cause 1t provides elements on which econcmic decisions are to be
taken. An erroncous estimate, leads to false conclusions with very.
serious future economic consequencies. For a waste treatment
facility where return on invenstment cannot be measured directly,
an inflated estimate leads to close down of the process plant and
loss of jobs, and profits. A low estimate on the other hand, gives
a false impression of financial soundness and for marginal process
plants, the future effects are process plant shut down with ocut-
standing debts to be paid. Therefore, every effort should be made

to produce an estimate as goods as the in-put date.

The estimate package should contain the following information:
1) General description of what the treatment facility will achieve
in terms of cleaning the effluent.
2) Proposed location of the facility.

3) Raw materials, utility, storage and disposal requirements.



4)

5)

6)

7)

8)

~4 3~

Brief process description which covers the stages of the treat-
ment from waste water collection to efifluent and sludge disposal.
Proposed design basis on which cost estimate is generated. This
should include waste water characterization, and effluent quality.
The cost estimate summary, items 1 through 11 under cost calcula-
tion with explanation of the suffixes 1 and 2.

The drawings prepared for the estimate.

roposed engineeving method ~ in house versus contract and the

type of construction contract.
A summary of the components included in the cost estimate: a),
cquipment list and appreximate sizes, b), equipment installa~
tion, foundastions, pipe racks etc, ¢}, list of instryuments and
ontrols, d) piping, types, materials and quontitics, sewer
network, waste scgregation and equalization basins, e),
estimated KVA power required and at what voltages, ), nunber
of buildings required, their use and type of equipments,
fixtures and furniture to be provided, g), site improvement,
grading, roads, fences, drainzge etc, h), uvtilities and mis-
cellaneous should include steam, potable water, plant and
ingtrument air, cqoling water, refrigeration and air-condition~
ing requivements, 1), estimated engineering and drafting man-
hours and a tentative schedule for project completion and

start-up.

The validity or degree of accuracy of the cost estimate 1s

alwvays in question since important economic decisions which involve



by

commitment of large sums of money and manpower are based on the cost
estimate. Therefore, additional information must be furnished with
the estimate to allow for risk analysis which narrows down the degrec
of uncertainty by establishing levels of confidence and the degree

of risk dinvoived in the project. For the preliminary cost estimate
generated for the bropcsed primary waste treatment facility, a risk
analysis will involve the estimators judgement as to what the lower
and upper limits of the individeal cost iltems are with jusf’ficati@n

.

as to socurces used In establishing the limits, refer to Table 5.

Column one is the cost of the item expressed as peycentage of

the total cost. Column two d1s the expoected cost of the item as

previcusly calculated with a 10%Z escalation factor. Column three
is the lower and upper limits established by the estimator.

Column four is the product of coluwms one and three divided by 100.
The totals on column four, indicate that the true value of the cost
estimate, lies somewhere between -~ 13.23% and + 8.547% of the total
shown in column two, that is, between $4.345 x 108 and $5,315 x 100,
This corresponds to a spread of about one million ﬁollars on an
estimate which is under five willion dollars. Therefore, further
analysis is required to narrow down the degree of uncertainty. To
do this, the client must define how much risk of overrun he is
prepared fto take. Assuming this is 10%Z, that is, the client
desires a 907 degree of certainty the actual cost will not be

greate? than the cost estimate. Figure 4 is drawn by using as the

coordinate the computed under/over estimated values (~13.23, 90%)



and (+8.54, 10%). The 107 risk of overrun, isg the maximum applicable
contingency to the estimate to ensure a 907 Jevel of confidence.

We therefore apply a 10% contingency to the estimate resulting in a
total estimated cost of the primary treatment faci}ity of $4.895 x

106 pius $.489 x 10%, or $5.3845 % 100,

4,5
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CHAPTER 5

PLANNING, SCHEDULING AND CONTROL

Project planning and scheduling, arec tools commonly employed
to control the orderly and chronclogical progress of a project from
start to finigb,_ In definite termws, project plavning provides a
means for determining the demand for available resources of men,
materials, machines, money and the ordeyx of commitment of these
resources in geparate but related activiities to achleve a predeter-—
mined goal. On the other hand, project scheduling, is the actual
commitment of these vescuvces at definite time periods according
to requiremente of the project and within the limits of available

resources,

The most important features of project planning are the identi-
fication of tasks to be performed and the goals to be attained.
Once this is accomplished, the next logical step is to transforme
this into a working schedule. Tor proper project exercution, every
phase of the project should have a separate schedule of its own.
Only in this way can the activities associated with every phase can
be taken into account. For the waste ireatment facility that is
being proposed illustratively in this thesis, typical project phase
requiring separate schedules would be the following:

a) Waste water characterization program
b) Summary of test results

¢) Test result evaluation



A

d) Environmental Protection Agency test result submittal, review
and approval,

e) Preliminary process design

f) Cost estimate and approval package

g) Client approval and funds avthorization

h) Final process design

i) Mechanical process design

j) Equipment reguisition, bid analysis and purchase orders

k) Equipment delivery and vender prints schedule

1) Soil borings and civil design

and bids award

Lds
0

m) Contract bids, bids enalyei
n) Construction schedule
0} Schedule for cost reporting, progress reviews, etc.

[=iadi

p) ILlectrical design and ifnstrument selection

Tigures 5 and 6, show a typical planning schedule for the over-
all project and for the mechanical design phase of the project in
the simplest form. The relationship between the sctivities, level
of manpower commitment and definite start and finish dates are
generally more clearly shown in the planning technique commonly re-
ferrved to as "Critical Path Method (CPM) or VPrograwm Evaluation and
Review Technique (PERI)". The advantages of this techniquc»are
that 4t provides at a glance:

1, The gtart and finich dates for each activity
2. A definite relationship between the activities and the se~

quence for performing them to ensure that succeeding activities
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can be started within their early and late start dates.

3. The level of manpower at which an actiwvity must be manned to
complete it within the plenned duration.

4

« The critical path of the project and the total time required

to complete the project.

lowever, CPM planning technique is very elaborate because it
breaks every task into small controllable activitics and therefore
often requires a planning engineer on a full time bases. With the
advonces of computer scieuces, planning and scheduling axe often
performed with the digital computer especially for medium to large
size projects ($5 million or more) where more than 200 activities

are involved.

Yor the sake of completeness, menticon must also be made of the
oldest plamning and scheduling technique which is commonly used at
the initial stages of planning of most projects. This is the BAR or
GANTT chart. It is a very simple plannivg technique and is quite
useful for most simple projects. This technique involves represen~
tation of the activities on the ordinate and time duration on the
abscissa. The length of the bar, shows the duration of the activity,
the beginning and ending of the bar, shows the approximate start and

finish dates of the activity.

A. Cost Report aud Control
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Proper project control requires a means to monitor the activi-
ties of the project and to apply adequate controls when necessary.
The means available for doing this, are cost and progress reports
gince the former determines whether the project is progressing within
cost and the latter whether the project will be completed within the

planned period.

Cost reporting in a capital project, deals with the periodic
accounting for funds already spent or commitﬁed to be spent and
extrapolating - to predict how much is required to complete the pro-
ject. This information is then compared with the original budget
control estimate to determine deviations from the budget estimate.
Cost control is the analysis of the cost report and the application
of appropriate measures to correct deviations from the control point

and thus ensure project completion under or at budget cost.

For medium to lavge size capital projects where many cost com~
ponents are involved, cost reporting and control, turn out to be a
major job requiring special techniques to facilitate those chores
which have to be done every iwo weeks to once a month, depending
on the level of activity. A proper organizaticn or grouping of
items and a good format is of parsmount importance because it not
only facilitates the chore of reporting but also makes it easier for
the véxicus supervisors and design engineers to understand and this

facilitates the control efforts. In a typical engineering setup

where several projects are handled, the need for up-—to-date infor-



mation for preparing cost estimates, is very important, and the most
common cost rveporting format is that which breaks down the project
omponents into various categories with a code number usually re~
ferred to as a "code of accounts". This code number, identifies
the pilece of equipment or activity whose cost must be reported and
controlled if necessary. Certain basic elements are essential for
effective cost reporting and control. Cf primary importance is
timeliness. Presentation of cost reports saveral weeks apart, may
esult in an ineffective cost control because trouble ftems, which
cost more than budgeted, may have progressed too far to be cffec-
tively corrected at minimum ceost and dinconvenience to those involved,
The complexity or scope of a project is not good enough an excuse Lo
delay the cost report. In fact, in such cases, sufficient justifi-
cation exists for the use of data processing techniques. As applied
to cost reporting, data ploceeging is relatively straight forward,
involving major effort only initially when the basic cost clements
of the project are punched onto cards. For subsequent reports,

only new data need be fed into the computer to obtain a complete

cost report print out in any designated format. The advantages of

)

“using the computor for cost reporting are basically the same as in
the application of computers in other engineering activities which
are repetitive in that, the report is consistent and correct. The
computer has mno soul mnor can it think and therefore, it cannot for-
get nor does it beccme demoralized by the boredom of repetitious~

ness,



The investment in manpower and or machinery to preduce timely
cand accurate cost report, is useless if the information géneratad in
the cost report is not used for the purpose for which it is produced.
In fact, like cost reporting, cost control is a continuous project
activity and is time dependent. Any delay in applying corrective
measure to a project cost elemernt undergoing deviation from the
budgeted cost, further increases the cost of making such correction
as well as makes the correction morve difficult to achieve., There~
fore, the project enginecr has to be on top of the project, watching
for troublegome cost elements, applying adequate corrective measures,
be it in increcased manpower expenditure or de}ayed schedule, to en-

sure the completion of the project under or at budget cost.

Some of these corrective measures and the subsequent monitoring
to emsure they are complied with may be unpleasant to some of the
people involved especially when no attempt has been wmade to explain
why the measurcs are necessary. Lt is therefore good engineering
management to keep every body informed of these wmeasures and why

they are necessary.

B. Propgress Report and Control

Progress reporting is a barometer for determining how well a
project is progressing, time and money wise. This determination is
necessary because only very few projects procead exactly as origin-—

ally plamned and therefore, there is always the need to modify a



project schedule to effect changes brought on during the progress of
the project. Progress and status reports therefore, provide a veri-
fication of the project schedule or more appropriately, provide an
index for determining the level to man the project. If the progress
report indicates that the project is on schedule, the project engi-
neexr does not necessarily have cause to rejoice because the report
is a synthesis of inputs from vericus design groups and more often
then not, therc is always a tendency to make things look better than
they really are. The project engineer's best bet is to maintain his
vigilance and back check the input for the progress report oun a one
by one basis. On the other hand if the progress report indicates
that the project is behind schedule, as is often the case, the pro~
ject engineer must find ouf whether the lag behind schedule dis due
to lack of information, or lack of action by hiwm orx any member of
the design group or ultimately lack of sufficient manpower. Once

he is able to determine the cause of the delay in schedule, a cor-
rective action becomes a matter of routine. TFor causes beyond his
immediate control, like manpower Jimitation, he can always have his
management support his decision and provide the additional manpower
required to effectively complete the project, as long as he can sub-

stantiate this shortage.

The progress report, unlike cost reporting, is usually issued
on a monthly basis, the reasoning behind this long interval being
mainly the fact that activities take time to cross definite "mile-

stones' or convenient break points. A typical monthly progress
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report, will list current manpower against scheduled manpower in
each design group, manhours spent in the current month in each de-
sign group, and the total manhours spent to date for each group and
a forecaste of the manhours reguired by each group to coumplete the
project. In~direct manhours like secretarial help, consultants, and
managenent tjmég must be reported if these were included in the
original schedule, Progress reporting using percentage completed,
should be used with extreme care since quite often they are mislead-
ing. For example, a statement like Yeivil work" dis 407 complete
does not really lend ditself to clear understaunding., Does this mean
that the civil group hag spent 40 men wecks of the 100 men weeks

estimated or that the amount of civil work done is the equivalent
of 407 for such type of civil work. A little care in ltemlzing the
units of work and the amount of work donme in each unit, lends itself
to a clearer understanding and at the sawe time, forces the data
collecting individual to take a closer ook at the overall work re-

quivement for that group,
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CHAPTER 6

Process design deals with the transformation of process infor-
mation into a working flow sheet which forms the basis of all future

degign. The process flow sheet establishes the material and heat

flows in the process, and the piping and instyument diagram establish-

ed the instrument, equipment, and pipe sizes required and therefore
they forw the basis for plant cost estimate which is the primary

reference document for economic planning and budgeting.

At this point, 1t is essential to look at the stages which lead
to the development of the flow sheet. These dinclude a) procoess
definivion as to its objective, b) design data on which all design
must be based, ¢) general design philosophy, and equipment and
instrument preferences, d) any unusual requirements of the proposed
process. This information is usually furnished by the client at
the initial stage of the process. However, it is not always
pessible for the client to cover all the items before his inltial
submittal of design dnformation, and therefore the design usually
commences with incomplete information. This makes it necessary
to maintain communication with the client to esteblish further
design information gathering. In some cases, the initial design
information has to be revised due to changes in market conditions
with respect to quality or quantity of product, or changeé due to

better data gathering technique or even a new process development.
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In order to ensure a firm basis of design, the design engineer

must usvally generate a check list for evaluation of the design data

transmitted by the client., TFor the primary waste treatment facility
that this thesis is using as an i1llustrative example, such a list
nmust include the following:
2) DPlant location
b) Characteristic of the waste to be cleaned
¢} Effluent quality desired
d) TLaboratory assays to demonstrate the attainment of the effluent
quality
_ e} Volume of waste to be treated
£} EPA time table with respect to when the treatment facility must
start operation
g)  Raw mateyials requirements -
i} Neutralizing agent, type and quantity
~ii) Coagulating agent, type and quantity
iii) If vacuum filtration required, type and quantity of prewb
coat to be used
iv) Storage requirements for the rav materials
h) Sludge disposal requirements -
1) Trucking to a dump land site
i4) Ocean disposal
ifi) Incineration
1) Voluwme of sludge produced per day and its composition and pre-

centage weight (dry basis)

58



~59~

4) Utilities requirements -
1) Stream, low pressure
ii) Water: potable and process
iii) Adr: dinstrument and plaunt
iv) Refrigeration, laboratory
v) Adlr conditioning, building
vi) Electricity 110/220, 220/440 voltg
k} Client operating philosophy and equipment sparing
1} Client preferences for equipment and instruments
m) Any vnusuzl requirements for opevating the facility
This check 1ist serves as a guide for this type of process work

and it could be expanded further depending on individual necds.

It is appropriate at this point to emphasize that although
the client has the responsibility to supply this information, he
often does not have all the expertise needed to generate all the
information and in many cases a preliminary process design is re~

quired.

Process Design Calculations

A.  Materis]l balance: See process flow sheet (Figure 7)

1) Stream (5) = streams (3) + (&) + (13)

(3) = 1550 gallons/min x 60 min x 8.3 1b (sp.gr. = 1)
hour gal.

i)
~3
~J
o
]
o
-
<
o
o
=
=

(4) = Zero at normal operating condition



o G (e

(13) ='82Y 1b/day  (82Y 1b/day established in Chapter

24 hr/day 2).
{(13) = 3.42Y 1b/hr.
For the waste involved, Y varies from 80 to 110. If Y = 100,

(13)

4
i

342 1Ib/hr.

ii) Stream (1)

(2) = (3)

i

iii) Stream (7)

i

sludge feed to vacuvum filters

il

417 gallon/day (established in Chapter 2)

i
o~
ot
=

o
jos)
bt
™~
Q.
&

e
¥
ot
®
Z—J
(]
X
co
Lad
bt
o

T

o
o
ot

~~
n

4o
[n

1
.
H

5)

24 hr/day

i

16.3Z 1b/hr.

For the waste involved, % is in the order of magnitude of 1000

i

Thgrefqrea (7) 16,300 1b/hr

K4

iv) Stream (6) = the overflow from vacuum {ilter

i

zero for this calculation

v} Stream (8) = filtrate

Vacuum filters produce cake as dry as 40%Z. Let us use 35%

by weight sollids for this calculation. Suppose the test in
Chapter 2 showed a solid concentration of 10,000 mg/1l, that
is 1% solids by weight.

Therefore solid (dry basis) = 16,300 x 1 1b/hr

= 163 1b/hr

Therefore, weight of cake without precoat

1

100 x 163
35

]

465 1b/hr
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i

Therefore, stream (8) 16,300 - 465

i

15,835

Styream (9)

i

(8) with one vacuum filter in operation
vi) Styeam (10) = (5) + (15) - (16)
For this kind of waste, stream (15) vhich is the polyelectolyte
feed, varies -from .04 to .06mg/l. Using .05mg/l, that is,

1185mg/gal. Thercfore, nloymer usage per hour is

1550 gal. x 60 min. = 185mg x'1 o ox ]
win, hre. gal 454 ga/lib 1000mg/gm

= ,041b/hr approx. negligible
Therefore, (10? = (3) -~ (16)
= 770,342 ~ 465
(10) = 769,877
vii) Stream (11) is zero at normal operating conditions
“widii) Stream (12) = precoat consumption
¥or this kind of waste, precoat consumption is in the range
of .012 to .0151h/gal. Using .0141b/9.51b sludze

Therefore, precoat used = L0314 x 16,300 1b
9.5 hr.

(12)= 241b/hr.

i

ix) Stream (14) steam required to keep caustic solution at 60°F

1

in the winter 12,000 1b/hr.

%) Stream {16)

(7) - (9) + (12)

i

16,300 ~ 15,835 = 24

|

4891b /hr

B. Equipment Sizing
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Lift station: There is no real criteria for sizing the 1ift
statien. The only important consideration is the size of
the desp well pumps to be installed. Therefore, we can
arbitrarily select a well 25 feet by 20 feet by 15 feet deep,
with the well being acid brick lined.

The equalization basins: They will be sized to hold waste
water generated in 48 hours. That is, 24 hours holding
capacity for each of the two basine (2.23 x 100 gallons each
baged on 1550 gallons per minute of material to be pro-
cessed}. A basin 150 feet by 250 feet by 16 feet deep will
be adequate. The basins will be rubber lined to prevent

ground water polliution.

Neutralizcers: Tor reasons given in Chapter 1, and establish=-
ed retention time of 20 winutes (Chapter 2), a total of

three units will be used, each having a capacity of 1550
gallon/minutes x 20 minutes x 1/3 equals 10,300 galions.

To prevent spills during agitation, a lZ,OQO gallons ca-
pacity unit is selected. A 12 feet diameter by 15 feet deep
tank will be adequate, having a volume of 12,700 gallons.

The neuvtralizers will be made of FRP (fiberglass reinforced
plastic) material.

iv) Clarifers: ¥rom the test results in Chapter 2, surface

loading was established as slope ft x 7.48 gal = x
min. ft

-6



For this type of waste, surface loadings as high as 900 can be

used. On this basis, the slope will be about .825 feet per .
minute; Therefore; surface area of clarifer will be 2.23 = 106
gallons per day times 1/900 gallons per day per square foot equals
2480 square f&et, that is 1240 square feet for two clqrifers, and
diameter is 40 feet. Results of the laboratory tesis conducted
in Chapter 2, Figure 2, gave & reasonable retention time of 90
minutes. Therefore, the required volume of each clarifer will

be 1550 gal x 90 min x 1/2 equals 70,000 gallons or 9400 cubic

min
feet. Therefore, depth of clarifer equals 9400 £¢3 equals 7.5

1240 ft3
feet
Using & fect as the depth reguired for quiescent settiing,
it is usual to allow for some sludge storage capacity, thus
resulting in a practical depth of 10 feet. The final clarifier
size will be determined in the vendor tests.

v) Dewatering Equipment: The laboratory tests conducted, in
Chapter 2, are not designed to provide information for sizing the
dewatering equipment, however, they provide information on the
degree of difficulty involved in filteving the sludge. TFor the
purpose of the estimate, a theoretical approach backed by ex-
perience will be used te establish the equipment size, with the

final size being determined by equipment vendor tests.

On the average, vacuum filters are more commonly used for de-

watering primary waste treatment sludges and the approach here will

~63~
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be to use a vacuum filter. The normal design of vacuum filters for
heavy metals hydrokidos allows 3.5 to 8 pounds per square feet per
hour rate of wet cake production when a filtering ald is used.
Therefore, to establish the size of the wacuum filter, let us use

6 pounds per square feet per hour; Earlier in this Chapter, was
established a wet cake production rate of 465 pounds peyr hour.

Therefore, the surfece area required will be: 465 1b X 1 =
hr. 6 1b/sq ft/hr

77.5 sq. ft.

This area is based on continuous filtration which is not always the
case since the filter has to be weshed and precoat layer applied.

A Z0% dncrease in the filtering avea caleculated, will be adequate
for this down.times'resulting in a filter area of 93 square {eat.
Allowance is usual]y made for a spare filter to account for down-
time in repairs like filter cloth changes etc. An alternate to
sparing the filters, JIs to build 2 sludge storage capacity into

the clarifers Suﬁ the ipability to determive precisely how long

the filter could be down makes it very difficult to estimate the
storage capacity. In the design under discussion,‘a spare filter
will be provided. The actual physical size of the filter will

be determined by the vendor. The actual cost of the vacuum filter
is directly related to the avea provided, (between 50 and 300 square

feet}. The filter drum will be made of polyester material.

C. Miscellancous Equipment Selection

Under this paragraph, only brief reference will be made to the
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other equipments associated with this job because they are standard
in the process industry.

Pumps: All puwmps for the raw wagte; sludge and caustic soluticn
will be rubber lined steel construction. All the other pumps are

/
3041 etainless steel construction.

Tanks: The caustic storage tauks are rubber lined steel construction.

A1l the other tanks are 304L stainless steel construction.

Pipes: Raw waste water line, neutralized waste line, sludge line
and caustic solution line will be FRF and Pﬁk%ipe. A11 other pipe
lines will be steel pipe except for the sewer lines which could

possibly be FRU, PE or vitrified pipe.

Instrumentation: All primary sensors, transmitters, controllers

and recorders will be electronic and the output to the final control

element will be pneumatic.

D. pH Control System

The pH control system, consists of the pH electrode, the pll
transmitter, the controller and the caustic solution comntrol vaive.
The selection of the components of the systems depénds on the
individual characteristics of the components, as well as those of

the neutralizer and the associated piping. The titration of the

FRP™ Fiber glass Reinforced Plastic
PE*% polyethylene

-8



neutralization of an acid with a base, shows a very sharp rise at
portions of interest with an increase in several unlts of pH with

a very small amount of neutralizing ageﬁt addition; This pecular
nature of pH systems combined with the fact that unlike temperatures,
pressures and levels, pH responses are nonlinear, makes an accurate

I3

pH control system design difficult to achieve. This difficulcy is

reflected in the use of three neutralizing tanks, the first tank
serving as the weaction stage. The second tank ensures the complete
consumption of the neutralizing agent added in the first tank with
the third tank used to trim the pH to the neutvalization point of

8.5,

A proper pH control system design, is therefore the prercgative

£t

of

jat]

n instrument engincer and cur discussions here will be Ilimited
to reduction in the tetal system lag to improve the response time of
the system. A typical pH control system block diagram is shown in

figure 10.

A change in waste water flow or concentration? would require
a change in flow of the caustic solution and consequently the pH
of the contents of the ncutralizer tank, .A quick response of the
control components for the pH is highly desirable since a long time
lag would result in system instability due to a corrective action
being taken long after the waste input change. Yo ensure an
appropriate response time, the whole system has to be evaluated

~beginning with the design stage in consultation with the instrument
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engineer.

a)

b)

c)

The important design variables include:
Variations in waste flows and concentrations.- The design
of an equalization basin to hold.at least a 24 hour waste
water, ensures relatively constant feed concentration Lo
the neutralizers while a flow control upstream of the
neutralizers ensures feed flow changes within permissible
limits.
The neutralizer hold up time (retention time).  This plays
a very important role in the overall stability of the ph
control systenm becausc for a constant feed an increasiug
neutralizer size increases the hold up time and the damping
of pH fluctuations. This means that a smaller proportional
bands and higher controller gain can be used to reduce the
magnitude of the maxium error referenced to the set point.
The incresse in the neutralizer size, results in mixing
delay (in addition to increased cost of the neutralizer
tank) which increases the response time of the system. A
balance therefore, must be established between these two
opposing effects.

Mixing time in the neutralizer tank. This is a variable

which depends on the size of the neutralizer tank and the

speed of the agitator in the tank. The larger the tank the
longer the mixing time, but the higher the agitator speed
the shorter the mixing time. On this basis, for a given
tank size, preference should be given to higher agitator

speeds especially when this does not affect the flocculation

YA



a)

e)

~] D

pattern of the metal hydroxide formed during neutraliza-
tion. Turbine agitators which runat speceds of about 300
revelutions per minute seem to be adequate f{or neutraliza-
tion process.

pll electrode and transmitiervtime constants. These are
generally of smaller magnitude cowmpared to the overall
system time comstant (or lag) but veduction of this time,
would jmprove the response of the system. By poesitionin
the pH electrode at the exnit of the neutralizer, the pH
electrode sampling (reaction) time is reduced. The trans-
mitter time constant is fixed and the best that can be done
is to Jocate it as close ag possible to the pH controller.

Reagent control valve. This also is an dmportant vaviable

in the overall control system., Like the other control
components, it is characterized by its own lag time. This
lag time can be reduced by installing pesitioners on the
control valves and locating the valves as close as possible

to the neutralizing tank. The selection of the control

valve 1s also very important because it influenccs greatly

‘the controllability of the system pH. An improperly sized

valve would result in excess (oversized) or deficit (under-
sized) of neutralizing agent being added when the system
pH calls for addition of the neutralizing agent. The
titration curve for a representative sample of the waste

water, gives a clear dndication of the quantity of the
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neutralizing agent required to reach the control pll level.
The control valve should then be sized to provide this
average emount of neutralizing agent at about 75 to 85%
valve opening. An equal percentage valve, is best suited
for this type of control.
fy The controller. In-a pH control system such as the one under
discussion, the controller should be the last component
‘to be selected. This is because, its performance depends
on the collective effects of the other control components
of the system in addition to the process charvacteristics.
The overall closed loop gain of the system and consequently
the gzin of the process wust therefore be established be-
fore the controller charvacteristics can be determined,
While some writers arguse that a multimode controller is
hardly better than a simple on-off controller for pll control
systems where the retention time in the tank is 1in excess
of about ten (10) minutes; it is usually a cheap insurance
against producing off specificatrion effluents to use a
multimode controller at all levels of retention times.
This is becuase, the ability to change the reset and deriva-
tive actions provide additional flexibility in adjusting
the controller for fast system recovery from load changes.
In the design of the pH control system of the primary waste
treatment faclility proposed in thig thesis, the time constants and

the system lags have been kept to within reasonable limits by:
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Providing 48 hours waste water storage capacity at the
equalization basins to attenuate the effects of variable
waste concentration and waste water feed to the neutralizers
is controlled to obtain an approximately constant feed rate.
The hold up time (retention time) in each of the three (3)
neutralizers in series, has been held to about seven (7)
minutes. This is a compromise between pll damping dues to
fluctutions and long mixing time lags.

The mixing time lag, has been reduced by using a six-blade
turbin agitator at a speed of 300 revolutions per minute.
The pH electrode sampling time lég has been greatly reduced
by locating the electrode directly inside the neutralizer
but close to the exit. The pH transmitter time lag has
been kept to a minimum by locating in it the control panel
with the pl controller.

The control valve time lag has also been reduced by the

use of a positioner on the valve and the controllability

of the system improved by selecting an equal percentage
valve which provides an average amcunt of required neutral-
izing agent at the control pH peint of 8.5 at 80% valve
cpening.

A multimode controller with proportional band, reset and
direvative actions is selected for the pH control at the
first and third neutralizers where caustic is added. The
pH of the waste in the first neutralizer will be controlled

at 4.5 and at 8.5 dn the third.
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Table 6. ‘Process’

Equipment Size or | Material Motor

Xo. : Description Capacity | of Contr. BP iRPx
W-100 ‘ Lift Station | 20'x25'x15'D Acid brick lined - -
9-101A | Equa. basin 150'x250'x10" | Rubber lined - - -
W-101B _ Equa. basin ! " - -
T-104 - Priming tank : A SN 304 S8 . - -
V~100A Neutralizer tank 127x15" FRP - -
V-100B f » Neutralizer tank 127157 FRP - - -
v-100C Yeutralizer tank : 12'x15° TRP : - -
C-1004 | Clarifier 407x10" Fpoxy line st. | - -
C-100B . Clarifier 40'x107 Epoxy line st. - -
F-100A Vacuum filter 93 Ft? | Polyester drum - -
F-1008 Vacuum filter 93 72 Polyester drum - -
'T—lOOA ’ Czustic storage tank 70,000 g=al. Rubber line st. i
T-100B ' Caustic storage tans 70,000 gal. Rubber lined st. . - -
v-102 Polyelectrolyte tank 500 gal. | 3041 s3 | - -




H-100C

H-100D

R-100A

R-100B

V-1003

A-100A .

A-1003

A~1000

A-110A

A-110B.

A-102

A-106

Process water tank

Safety shower tank

Vacuum receiver tank

Vacuum discharge snubber
Vacuum receiver tenk ~
Vacuum discharge snubber
Dewatered sludge receiver
Dewatered sludge receiver
Clarified water recycle tank
Neutralizer agitator (turb.)
Neutralizer agitator (turb.)
Neutralizer agitator {turb;}
¥Filter sludge agitator
Filter sludge agitatbr

Preccat Agitatorx

-

Polyelectrolyte tank agitator

2,000 zal.

3041 88
304L S8

304L SS

Rubber lined st.
Rubber lined st.

Rubber lined st,




- P-103A
{P—IG3B
- P-112
' P-1084
p-108A
f?—ng
P-111
P-107

P~105A

P-10538

Lift station pum
Emerg. 1lift staticn pum
Waste water feed pump

Waste water feed pumr

Wy
fed
[

dge fee pump

Proc. water tank feed pump

Process water feed pump
Process water feed pump

¢

fuds

ty water feed pump
Safety shower circ. pumn
Caustic transfer pump

Caustic feed pump

Caustic feed pum

by

800 G.P.M.

800 G.7.M.

40 G.P.M.

40 G.P.M.

1500 G.?2.M.

1.5 G.P.M.

Rubber lined st.

Rubber lined st.

304L 8!

(93}

L

~~}
i

1/2

1/2

/2

1Al

12

1750

2750

v

i
1750




Polyelectrolyte feed pump 1. G.P.M, 304L 88 1/4 11750
P~1108 Ployvelectrolvte feed pump 1. G.P.M, % 3041 S8 1/4 11750
p-106 { Precoat feed pump 10 G.P.M. 304L SS 1 1750
P-104A Vac. receiver tank pump 40 G.7.M. 304%, S8 2 1/211750
P-10438 Vac. snubber tank pump - 3047 88 11750
P-104C Vac. receiver tank pump 40 G.T.M. 3041 SS 2 1/211750
P-104D Vac, snubber tank pump - 3041 S§
The process equipment sizes shown are subject to change when vendor pids are received and
should therefore be considered as preliminary.

.-.8{‘”



CHAPTER 7

MECHANICAL DESIGN

The mechanical design phase of the project, deals with the
transformation of the information contained in the process flow
sheet and *P & 1 diagrams into construction drawings. This phase
of the project ig as important as the process phase because the
success of many other phases of the project depends on the quality
of information developed here. Yoy example, civil design and final

process design depend on the plant layout and equipment arrangement.

To achieve the objective of this phase of the project, plant
layout, cquipment arrangement, piping arrangement, piping isomet-
rics, material list and take off drawings must be prepared. Thesc
documents will then serve as references for, a) the design of
equipment and piping supports, b) determining the nature of flows -
gravity or forced, c¢) determining space requirements for the pro-
cess compenent, d) preparing purchase requisition for piping and

-wvalves, e) preparing the construction bid package.

Plant Layout and Equipment Arrangement Drawings

This is the first set of drawings that usually must be pre-
pared because, they lay out the proposed site for the facility
and locate the various equipments and accessories required for the
facility. The layout drawings must show all buildingé, their sizes

5P & I is Piping and Instrument diagram.
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and descriptions, location of flooxr drains, exact equipment locations,
equipnment sizes and clévations, aisles and bays for material hand-
ling and eguipment maintenance, and classification of areas where
applicable. The nature of these drawings is such that a certain
amount of reliable information must be available to make the drawings
reasonably accurate for other engineering work that must depend on
them. This information includes:
a) General location of the site with respect to adjacent proper-
ties and installations.
b) Nature of the soil with respect to lead bearing capacity.
¢) Process fiow sheet which shows all.equipment and their opera-
ting conditions.
d) Vendor prints for the physical size and nozzle orientation of
the equipment and associated nozzle size and orientation.
e) Clients preferences or standards with respect to spaces be-
tween installations, access to equipnent, operating philoscphy

etc,

Piping Arvangement and Isometrics

The main objective of piping arrangement and isometric drawings
is to provide information for materials take~off, piping fabrication,
and piping support design. In preparing these drawings, considera-
tion must be given to pressure loss in pipe fittings especially el-
bows, and economical arrangement of piping for ease of support,

piping subsecticn flexibility, and accessibility to valves and in-
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struments requiring msintenance.

Piping isometrics are complements to the piping arrangement
drawings and they generally provide details of the pipe routing,
csection by section., These arve the drawings the pipe fitter uses to

assenble the piping and piping subassemblies dn the field.

For the primary waste treatment facility being discussed in
this thesis, the piping arrangement and isometrics, do mnot differ
from those of other liquid handling process plants at ambient con-
ditions. Mowever, the sludge lines must be fitted with brezk flanges
for cleaning the lines and long radius elbows to reduce the inci~

dence of line plugging.

ol

Piping

1111 of Maoterials (B/M)

With the piping arrangement and isometric drawings prepared,
material take off lists (B/M) are then prepared. An appropriate
grouping of the items in the B/M is then prepered for piping re~
quisition release and subsequent purchase order placed. A typical

B/M form is shown below in Figure 11,



Made by~ date Project Engineer
Checked by date Project Auth, No.
Line No. From To Quanti:
& Equip. Equip. [Pipe | 90Y | 45° | Tee | Flange: Gasket ; Valves .
Size Ei1 | E1L Gate | Globe| Pinch | Check,
4
Plant section
Issue No, Sheet Mo. 1 of N
2 F LE} ES -
Figura i1 8ill of Maleridl Form



CHAPTER 8

EQUIPMEKNT PROCUREMENT

Equipment procurement, forms an important activity of a project
because the construction planning and scheduling cannot be realistically
done unless equipment delivery dates are known. Iln most process plants,
aquipment deliveries feature prominently in the critical path of the
project schedule, It is not therefore surprising that eguipment pro-
curement is planned long before project approval and detailed en-

gincering phases of the project.

Formal equipment procurement normally involves preparation of
equipment specifications, bid analysis, final purchase order relesses,
vendor prints schedule, equipment inspecition and test at the vendor
shop, and expediting. These functions are not all under the project
engineer's control although he has the responsibility of ensuring
thatAthe functions are properly carried out and within the schedule.
For example, purchase orders are issued by the pufchasing department
although the project engineer must sign them before they are released

to the vendors.

Equipment Specificatiocns

The preparation of cquipment specifications focuses on the pro-
cess conditions the particular piece of equipment is required to
neet in addition to contract terms between the vendor and the equip-

ment purchaser. The contract terms are usually standardized with



many companies and will not be discussed further here.

The write up of the equipment specification, requires knowledge
of its function in the process, knowledge of what is available with
vendors, and the approzximate cost differential for accessories. Un~
less where absolutely necessary, equipment specifications should be
written around stén&ard off shelf designs since deviations from
standard designs would require additional engineering by the equip~
ment vendor and a disproportionate increase in equipment cost. How-
ever, for special equipment or standard equipment designs requiring
modifications, sufficient details must be spelled out in the speci~

fication to prevent unpleasant surprises in the future.

For a simple process like the primary waste treatment facility

being proposed in this thesis, the equipment can usually be grouped

Y

for the purposes of writing specifications more effcctively. Such
grouping will involve:

a) The basins and 1ift station

b) ‘The storage vessels

¢) The reactors (neutralizers and clarifiers)

d) The special equipment (vacuum filters)

e) The pumpe

f) Instrumentation - control and measuring components

g) Electric power supply components

h) Pipes, valves etc.

i) Miscellaneous jtems like materials handling equipment etc.

~8/m
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The project engineer provides the process input for:
i) The civil engineer to write up specifications for item (a).

ii} The mechanical engineer to write up specifications for items

b, ¢, d, e and h,

[N
e
Sds

~—t

The dinstrument engineer to write up specification for dtem [,

iv) The electrical engineer to write up specification for item g.

The involvement of the project engineer goes far beyond coordi-
nation. He prepares the initial sketches for the basins, life sta-
tions, storage vessels, special equipwents, head and suction require-
ments for pumps etc., which will be used by the specialized engineering
groups to produce the final specifications which then will be sent

out to vendors for bids or quotations.

Bid Analysis and Purchase Order

Bid anelysis is the comparison of vendor quotations for a par-—
ticular piece of equipment before a purchase order commitment is
made.v This is‘because, many companies have the policy of soliciting
bids from three or more vendors for a particular piece of equipment
to ensure equipment purchase at the best possible terms. ILven when
only one quotation is received because other vendors decline to quote
on the equipment or because only one vendor is qualified to bid on
the equipment, the quotation must still be evaluated te determine

whether it meets the conditions spelled out in the requisition.

A typical bid analysis will evaluate the vendor quotes on the



following basdis:

a) Whether the equipment offered meets the specifications.

b) VWhether alternates are offered where the specification cannot
be met exactly.

¢) Whether the quotation includes recommend accessories and spare
parts,

d) The cost of the equipment and extras such as spare pump im—
pellers etc.

e) The equipment delivery date.

Depending on the type of equipment, the analysis may include

Tk

the evalustion of critical dimensions or parts e.g., seals and bear-

ing on moving parte, noisec and vibration levels, special features of
the\oquipment which are advanitageous for its use but were not in-
cluded in the specifications, corrocsion allowances and the fabrica-
tion of material of construction of the equipment. These are the
majﬁt parameters usually evaluated before a comnitment is made with
a particular vendor by issuing a purchase order. Once the equipment
is on order, further involvement is limited to equipment expediting

and possible change orders where that is necessary,

Expediting and Vendor Prints

Expediting can be defined in simplest terms as the follow up
of equipment purchase order to ensure vendor compliance with equip~
ment drawings tranmittals on schedule and ultimate equipment de-—

livery on dates specified. This activity like the rest of the equip~-

- T



ment procurement activities, is integrated within the purchasing de~

partment,

The enginéering department is kept informed bi-weekly or monthly
on the status of the equipment by means of reports issued by the pur-
chasing department., This communication link between engineering and
purchasing is ver§ important because changes on equipment delivery
dates or drawing transmittale would disrupt design and construction
schedules, and engincering must be informed in time to allow for ap-

propriate counter measures or schedule adjustments to be made.

The expediting group in performing its activity, must see to it
that the vendor drawings and documents received, are transmitted
promptly to the various engineering groups who must review them. In
addition, the responsibility for returning the reviewed drawings and
documents to the vendor on time, rests with the expediting group.
Thus the expediting group functions as a direct linkage between the

engineering groups and the vendors.
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CHAPTER ©

CONSTRUCTION

Chapters 1 through 8 have dealt with the collection of process
data, application of these in process design and the procurement of
process mﬁterials and accessories. This chapter will deal with the
application of these data and materials din the "field" to physically
complete the process facility. Process plant comstruction covers so
miuch ground that every aspect of it cannot be effectively discussed
in this thesis vhich consilders construction as one of the many major
phases of a process plant facility. Therefore, the objeciive here
will be the discussion of the steps which lead to constyuction

activities and the control of these activities,

As a result of the urgency in completing a job and the fact that
the construction phase of the project is the single most time con~
suming phase of the entire project, the construction activities
usually overlap the three most significant phases proceding construce
tion, viz, process design, mecharical and materisl procurement. Thus
construction activities which do not involve extensive process and
mechanical desipgn work, do in fact run parallel with the design
phases of the project. These activities generally include site
preparation, sewer work, bullding foundation etc. The civil contrac~
tor is usually the initial contracter and since he is seldomly a
mechanical contractor as ﬁell, it often happens that two or more

contractors are engaged at the same time for a particular plant

- BG



facility. The job of coordinating their efforts for maximum produc~

tivity, is greatly simplified by the terms of the contract.

Construction Packace For Bid Solicitation

A construction package is an essentially complete documentation
of the scope of a process facility in terms of the extent of work
invelved, relevant construction drawings and documents. For the
primary waste treatment facility being proposed in this thesis ex-—
amples, the comstruction package will include the following:

1. All enginsering drawings - site topography and map, soil bear-
ing yraphics, plot plamn, equipment arrangement, piping arrange-
ment and elevations, isometrics, process flow sheet, piping and
instrument diagram and vendor drawings.

2. Documents - specifications for equipment, piping, instruments,
bill of materials, vendor dnstallation instructions, purchase
orders, expeding schedule, inspection and test results at ven-—
dor shop, and overall project planning schedule.

3. Owners field assistance - resident engineer to assist contrac-
tor in interpreting drawings and documcnts,.initiating changes
and coordinate the construction efforts.

4, Contract type — lump sum or cost plus fee and any variations of
these., The type of contract chosen depends on the owners engi-
neering organization, policy and the overall state of the eco~
nomy. Well organized corporate cngineering groups in a com—

pany usually possess the talents to supervise the contractor

G-



closely and a cost plus fee contract will be profitable despite the
greater owners risk involved. On the other hand, a lump sum con-
tract provides a greater profitability for the owner in an infla-
tionary economy despite the need for a more detailed engineering_dew

sign and a much havrder negotiation with the contractor.

Bid Analysis and Contract Award

This involves an evaluation of the cost to construct the facili-
ty and the contractor organization., Construction bid packages as a
rule, are uvsually sent to thyee or more prequalified contracting
companies who have established reputations acceptable to the owner
of the facility. This reduces the task and tiwe involved in re-
viewing the bids received and awarding the contract. Thus the bid
analysis reduces to that of cost te construct the facility, comple-
tion schedule and comparison of the qualifications of the contractors
(prequatified) in terms of, a) business characﬁer, b) type of organ-
ization and management quality, c¢) experience in type of work in-
volved, d) finencial standing, e) labor policy, f) type of insurance
policy coverage, g) flexibility in dealing with cﬁauges, additions
and omlssions. On these basis, a contractor is selected and con-

tracts are awarded with contract agreement signing.

The contract agreement, spells out the specific terms of the
agreement between the owner and the contractor. These terms, usually

include:

a. Agreed construction-completion date,

QT
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b. TField changes - additions, omissions and authorization.
¢. Subcontract work.

d. Supervision or inspection by owner.

e. Type of union labor.

f. Personal injuries and property damage.

g. Type of insurance policy coverage.

he TFactors beyound human control c.g. bad weather etc.

i. Method and schedule for construction progress report,
j. Payment schedule.

k. Contract termination and or cancellation.

1. Construction completion and acceptance criteria.

These are the most important terms usually written into a2 con-
struction contract. The extent and rawifications, depend usually

on the type of contract, viz, lump sum or cost plus fee,

No attempt has been made in this thesis to present the informa-
tion in a logical contract format or use the normal legal terms for
contracts because such an attempt would be a duplication of the
standard contract forms already in existence in néarly all major
companies. However, it is the belief of the writer that the grounds
covered here, represent the major elements cof a construction contract
in the field of construction contract dealings which need to be known to

perform a fairly good job.

‘Construction Schedule and Progress Report




Like any major phase of a project, field construction planning
and scheduling is very important, because it provides for orderly
execution of the construction phase of the project by providing for
the contractor and owner's management means to effectively control
the field activities. The control and planning of the day to day
construction activities and coordination with the engineering and
materials procurement groups, 1s generally possible only through

proper preconstruction planning and scheduling.

While the process owner usually relies on the comnstruction
management to draw up a good plan and schedule for the field work,
he retains the responsibility to ensure thet a reallstic schedule
has been made especially in a cost plus fee type of contract where
efficient work mecans savings for the owner. Regardless of the type
of contract however, low efficiency means delay and added cost in

completing the work,

A proper control of the construction schedule is called for if
planned milestones must be met. This is achieved by setting up a
cost and progress report system which serves as a ﬁarometer for
matching completed work against planned cost. This is the only
way to detect failure to reach milestcn@ points, Equally important,
1s the milegtone point selection and the intervals for progress re-
port. It is the general practice to choose the milestone points as
close together as practical because this makes progress reporting

more substantiative and more appealing to the management (owner and
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contractor). In addition, milestone points not too far apart (cor-
responding to progress report period) allow for early detection of
problems or negative trends which can be corrected with less dif-
ficulty and cost than at much later dates. More details of this
topic have been covered in Chapter 5, entitled "Planning, Scheduling

and Control".

The f£ield contruction schedule and progress report can be pre-
sented in various formats, but, all have the same common objective
vhich is a definite well thought out plan of executing the construc-
tion phase and monitoving the work progress. For the primary waste
treatment facility being proposed in thié thesis, the comstruction
"S" curve and bar chart will be used as the field construction
schedule and control, as shown in Figure 12. This is a very simple
graphical approach used to represent the very extensive pre-con-
struction planning and scheduling which is necessary to coordinate
the several thousand activities involving efficient work exercution
and materials availability. Althousgh the details of pre-construction
planning and scheduling varies from job to job and from organization
to organization, the need for a master plan and schedule which re-
lates field construction work, craft and labor requirements and

material availability camnot be ignored.

Figure 12 shows the bar chart and the curve. The bar chart
shows the schedule and actual duration of each major activity of the

field construction while the "S" curve shows the scheduled and actual
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progress of the field construction activities as a percentage of the
overall field comstruction work. A supplement to the chart and curve
is a chart for construction craft and material aveilability which are

the elements required to meet the schedule.

Construction Participation by the Owner

The elements for proper field construction control to maintain
acceptable efficiency and meet scheduled completion date, have been
established in the preceeding subsection. The emphasis in this sub-
section will be the application of the monthly progress report by the
process plant owner to_effecﬁively supervise the contractor to ensure

construction completion as scheduled.

The role of the process plant owner in field cemstruction varies
from that of ensuring that the plant is bullt according to specifica~-
tion and completed as scheduled to that of active participation in
the day to day construction planning and coordimation. The type of
involvement, is usually determined by the type of countract. A cost
plus fee type of contract increases the owner's risks but has as a
benefit lower field construction charges. This calls for active

participation by the owner to ensure minimum cost without sacrificin

Q

>

o

quality. A lump sum contract, requires monitering only to ensure

compliance with specifications and scheduled completion date.

For lump sum contracts where minimum supervision is required by

the owner, a single resident engineer in the field is all that is re-
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quired. BHis principal functions are those of coordinating materials
furnished by the owner with those furnished by the contractor to en-
sure continuity of field comstruction work. In addition, he must han~—
dle field changes, apalyze and tyansmit to the owner construction
progress reports, arrange for contractor payment as the work progresses,
and resolve descrepancies in specifications and construction drawings.
He does not get involved in the day teo day construction work plan-
ning and contrel. This type of contract is most sulted for small to
medivne sized companies where specialized construction and engineering

departments are not usually available,

In a cost plus fee type of contracts the owner is directly in-
volved with all the activities of the field construction. The day
to day planning, scheduling and control of construction work must be
jointly plannéd by the contractor and owner. The owner field en~
gineers must coovdinate construction material deliveries and movements,
participate in construction plan and schedule changes, in the dis-
tribution and forecast of construction crafﬁ requirements, in the
initiation and approval of specifications and construction draw-
ings changes, and in labor related problems like overtime approval.
The monthly progress reports must be reviewed by the owner's en-
gineers to determine whether construction is progressing as planned
both in percentage of total work completed and cost, and whether
these deviate negatively from the plan. In addition the owner with
the consent of the construction contractor, must initiate changes

in the schedule to correct for these deviations. These involvements,
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are in addition to those mentioned under lump sum contract, In sum-—
mary, a complete interface between the owner and the contractor is
required through out the construction work, Another feature of this
type of contract, is the absence of the need for complete construc—
tion drawings and documents, thus saving some money in the engineer-
ing designs. Large companies with specialized construction and en—

gincering departments are best suited for this type of contract.

Construction Completion

Construction completion can be defined very simply as the com-
pletion of all comstruction work as defined in the original scope of
the work and agreed to in the contract. However, what constitutes
completeness of work varies from one contract to another, and the
owner therefore must define very clearly in the scope of work
description the degree of completencss the contract must cover so
as to eliminate any ambiguities or doubts which can only cause dis~

putes at the close of the field construction.

While it is impossible here to go into the details of the legal
definitions of what constitutes completeness, it can be said that
for most contracts, construction completeness involves as a minimum,
the following:

a) Physical installation completeness of all equipments, piping,
instruments, electrical, buildings, winteriziung, insulation,
painting, surface protection of equipments, piping and struc—

tures, roads and supporting facilities.
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b) Rotating equipment check out as to the direction of rotation,
alignment and vibration level.

¢) Lubrication and adjustment of mechanical equipment,

d) Water flushing, leak testing and drying of all equipment and
piping.

e) FElectrical equipment check out as to polarity, circuit integ-
rity and resistance measurement.

£)Y Instrument calibrations.

g) Changes during startup to allow proper operation.

It may also include operating manuals, initial startup, general

yvard cleaning with removal of construction equipment and facility.
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CHAPTER 10

PERFORMANCE TEST AND START-UP

Plant start-up represents a classical test of the quality of en-
gineering involved in the process plant design. A properly designed
process plant, has 2 better chance of a swmooth start-up than a poorly
designed one. Plant start-ups present so many problems that they re-
quire much effort in planning, scheduling and coordination of pre-
cecding and succeding project phases. Thus engincering, construction
and initial plant operation plans must be integrated to ensure start—
up within planned schedule and reduce start-up problems associated
with dmproper trensition between the various phases of the process -

facility.’ The plant start-up activities can be divided into two

distinct phases: pre-start-up and actual start-up.

Pre-gtart-up Phase

This phase incorporates all the preparations and plénning for
the actual start-up phase. The extent of preparation and planning
depends on the type of process, the size of the process facility, and
the available knowledge of the process. A simple or well known pro-
cess of small to medium size, does not generally require very elab-
orate preparation and planning whereas a complex (or hazardous) or
new technology and large size process plants require very elaborate
preparations and planning. The primary waste treatment facility

being discussed in this thesis, i1s considered to be a simple, medium

-100~



sized process facility with well known technology and therefore,

does not require very extensive planning and scheduling. However,

the need for preoper coordination of the preceeding and succeding

project phases is the same for process plants since this is the

only way of ensuring a relatively emooth start-up which is within

the schedule.

In general, pre-start-up planning and scheduling, involves the

following:

aj
b)

c)

g)

h)

ii)

Assemblage of start~up crew — engineers and operators
Training of the crew - familiarization with the process and
the actual facility through construction follow up.
Preparation of operating manual for use in start-up and
actual process opervation,

Start-up spare parts like gaskets, seals, fittings ete.

A ecrew of pipe fitters, elcctricilans aind welders

Plant inspectors and construction punch list fer necessary
changes before stort-up.

A schedule for the exercution of the activities a) to g)
listed under "Construction Completion', Chapter 9.

The start—up crew is usually composed of:

Engineers who were involved in the development, design or
will be involved in the operation of the process.

Foremen who will be respongible for the maintenance and
operation of the process or who are knowledgeablé of the

operation of the process.
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iii) The operators who are not necessarily experfenced in the

process but can be trained.

The training of the crew is the responsibility of the plant
manager, the process and design engineers. TFor the start—up
engineers who are not very knowledgeable in the process, the train-
ing ds very extensive, and invcives the major reactions of the pro~
cess, process development background, design philosophy, equipment,
instrument and piping specifications, engineering drawings (process
flow sheets and piping and instrument drawings), field construction
follow up, and involvement in all the start-up activities b) to g)
listed under ”Ccnstruétion Completion® in Chapter 9. TFor the fore-
men and operators, the emphasis is on activities directly related

to the start-up and the actual operation of the facility,

The preparationnof the operating manual, is usually the re-
sponsibility of the engineering design groups or contractor with
the cooperation of the process development group and the operation
personnel, The actual degree of participation by each‘of these
people depend on the type of contract. The operating maznual in
essence contains complete information on the process facility, its
major features being;

A) General background information on the process.
B) Detailed description of the process which includes proper—
ties of feeds, products, by-products, major process reactions,

instruments and controls, waste disposal, specifications for
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materials of construction, design drawings, material and
hezt balances and vendor prints.,
C) Safety procedures for the process operation.-
D) Start-up preparations.
E) Actual step by stem process operation.
T) Utilities
G) Recommended manpower needs for efficient operation of process,
H) Maintenance schedules as recommended by equipment vendors,

inciuding spare parts list.

‘Actual Start-up

Actual process start-up, is the final preparation preceeding
production under the assumption that the activities b) to g) listed
under "Construction Completion’ Chapter 9 have been completed, the

process plant 1s now ready for imitial start-up.

This generally involves the use of air, nitrogen or an inert
gas for processes designed to handle gasecus feeds and products
or the use of water or some other adequate liquids for processes
desipgned to handle liquid feeds and products, The process simula-
tion runs are conducted at conditions of flow rates, temperature
and pressures similar to those for which the process plant is de-
signed. The main objectives of these runs, are to establish the:

a) Mechanical functiomability of the process equipments at de-
sign conditions,

b) Proper instrument settings, responses and system characteris-



tics,

¢} Operators confidence in running the process plant.

d)} Need for revisions in piping or repairs to ensure proper pro-
cess operation.

e) Cleanliness of the piping system to aﬁoid product contamina-

tion,

A successful completion of the simulation runs, sets the pro-
cess plant ready for production. At this point, the process facil-
ity owner, takes full control of the plant and the project can be
termed completed frow the engineering point of view, subject iny
to performance guarantees as determined in the contract stage of

the enginecring work.
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CHAPTER 11
CONCLUSION

The material covered in the preceeding chapters of this thesis,
represent a very brief summary of the actual project expericence of
the authér in connection with the design, construction and start-up
of a primary waste treatment facility in a major chemical company
in the United States of America. Although the presentation is
very brief, every effort has been made to cover the major activities
assoclated with this type of process facility and references are
presented in the bibliocgraphy for those readers who desire more de-

tailed information for the various materials covered herewith.

it is appropriate here to emphasize once more the close re-
lationship that exist between the various phases of an engineering
project. As must be obvicus at this point, a successful completion
of an engineering project within budgeted cost and schedule; depends
on proper integration of the various engineering phases and adequate
cost control. For example, 11l Qefined process conditions, lead to
delays in process design and errors which delay the project com-
pletion date as well as cause more expensive start-up. In~complete
construction drawings and documents reduce the efficiency of the
field construction activities and create need for an expanded field
conatruction coordination, The effects of these on schedule com—
pletion date and cost tovcomplete the process facility are similar

to the ones mentioned above. These are a few of the very many



-106-

variables in the project activities which affect the overall project
completion date and cost. Therefore, the project engineer or mana-
ger whose primary responsibility in an engineering project dis the
completion of the process facility within the schedule and budgeted
cost, must cnsure a proper integration\of the various phases of the
entirg project and device appropriate cost control techniques to

achieve these goals.
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